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Abstract 
The paper mentions already existing phase rule diagrams used for calculation of melt amount and phase constituents 
for binary and ternary systems. Then the author focuses upon the newly designed method of calculation both of melt 
amount and constituents and of undissolved residue composition for complex aluminosilicate systems under firing. 
The method is based on the use of existing ternary phase rule diagrams of aluminosilicate systems and on the 
principle of additivity of the processes underway. The article describes the methodology and consecutive sequence 
of calculation. The designed methodology allows to calculate melt amount and constituents basing on clay chemistry 
/ batch constituents (whatever the temperature is), to estimate the optimum temperature for firing the batch mixture 
under consideration and to determine the temperature range of sintered status as well as the swelling interval. 
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1. Introduction 
When ceramic materials are fired melt appears providing sintering, bloating and fusing of the ceramic mass. The 
properties of the ceramic materials are determined both by the melt amount and composition and by the amount of   
refractory and undissolved components.  
The amount of glassy phase is usually examined by chemical and X-ray analyses and by selective solubility of 
the amorphous phase in 2 % solution of hydrofluoric acid. However, the above mentioned methods show not the 
amount of liquid phase in the fired material but its residue after extracting the refractory minerals from the melt. The 
amount of the refractory minerals depends mainly on the cooling conditions.  
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2. Research 
For determining melt amount in the fired aluminosilicate systems under certain temperature a new calculation 
method was designed [1, 2]. The method is based on the use of the existing ternary phase rule diagrams of 
aluminosilicate systems [3]. Considering the process of firing the homogeneous ceramic batch we assume the 
following factors as the basis for forming the melt: gradual increase of melt at the expense of successive additive 
formation of the simplest fusible aluminosilicate eutectics and the dissolution of refractory components increasing 
the temperature of the melt. 
Method of calculation is applied for the homogeneous batch and based on the following principals:   
1. Batches with such main components as clay mixtures, feldspar and siliceous rocks are the most common 
in the ceramic industry. Thus the process of forming ceramic materials under firing we can consider as 
the processes in the  ternary systems (R, R2)Ɉ - Al2O3 - SiO2; 
2. Clay components adsorb soluble salts of alkali and alkaline earth metals. Their oxides are the 
components of feldspar. As iron minerals, calcium and magnesium carbonates have low hardness they 
abrade under processing and can be grinded rather easily. All these facts create conditions for forming 
the homogeneous batch and for appearing the most fusible eutectics in the aluminosilicate systems under 
certain firing temperatures; 
3. Melt amount and melting point of the formed melt are got additively from the values of ternary 
eutectics. Composition and melting point of the eutectics are known; 
4. Each eutectic melt combines with some amount of alumina and silica and influences temperature to 
some extend. Adding them together we can calculate the amount of eutectic melt, its forming 
temperature and the amount of alumina and silica that are not combined with the eutectic melt of 
alumina and silica; 
5. In the formed melt of the most fusible eutectic the most refractory eutectic compositions dissolve when 
the temperature rises; the residues SiO2 and Al2O3 are the last to dissolve (Fig. 2).  With the excess of 
oxides Fe2O3, ɋɚɈ or MqO in the raw material and the lack of alumina and silica these oxides remain in 
the residue and are involved in the melt in the succession according to their melting point: Fe2O3   (tm.p.= 
1562°ɋ), then ɋɚɈ (tm.p.= 2587°ɋ) and then MqO (tm.p.= 2800°ɋ);  
6. For loam the amount of the generated melt is determined not only by the composition and the amount of 
fusing agents but by the size of the dissolved quartz grains as well. Dissolution of quartz grains depends 
on their dispersion degree and the firing duration [4, 5].  
In order to examine the raw material with the use of the designed method it is necessary to have the following 
data: 
1. chemical composition, it should contain: 
SiO2 free (quartz), SiO2, Al2O3, Fe2O3, FeO, CaO, MgO, Na2O, K2O, organics; 
2. the size of quartz grains [when the raw material contains SiO2 free (quartz)]: 
¾ Grain-size analysis of quartz grains (for precise evaluation); 
or 
¾ Average size of quartz grains (for precise evaluation); 
or 
¾ Amount of sand fraction in the clay raw material (for approximate evaluation).  
 
Calculation sequence: 
1. Determine the chemical composition of raw material, including: SiO2 general, SiO2 free (quartz), Al2O3, Fe2O3, 
FeO, CaO, MgO, Na2O, K2O, organics. 
2. Knowing the composition of eutectics and the chemical composition of raw material, calculate the melt 
amount and composition, determine the  temperature fraction and the melting point of the eutectic melt by 
the formulas: 
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Where:   
RO – amount of fusing agent in clay (batch);  
ROeu – amount of fusing agent in the fusing ternary eutectic; 
'Ɇeu – amount of eutectic melt formed by the given fusing agent;  
teu – melting point of eutectic; 
't – temperature fraction that brings the given eutectic; 
t1 – melting point of eutectic melt. 
Calculation of amount and composition of the generated melt for clay from Smyshlyaevsky deposit is given 
in the example in Table 1. 
3. Determine the residues according to the difference of initial chemical composition and the chemical 
composition of the total eutectic melt (¦'Ɇeu). Usually the residues are SiO2 and Al2O3. 
4. Calculate melting point of aluminosilicate residues by the formula.  
 
  57,3351600  At AS         (4) 
 
         , where Ⱥ – amount of Al2O3 in the undissolved residue, Mol. %. 
 
 
Fig. 1 Dynamics of melt forming for clay form Smyshlyaevsky deposit. 
 
5. Determine the amount of aluminosilicate mixture transformed into a melt under given firing temperature  
by the formula 
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where: 
384   Natalya G. Chumachenko /  Procedia Engineering  91 ( 2014 )  381 – 385 
ɗ – the sum of eutectics,  
tx – firing temperature, 
t1 –melting point of the eutectic melt, 
t2 – melting point of the undissolved aluminosilicate residue tAS. 
6. Determine the temperature of transforming the whole mass into the melt. 
The results of melt amount calculation can be represented graphically as the dynamics of melt formation. As the 
example Table 1 provides estimated values of clay from Smyshlyaevsky deposit. The graphic of calculated values is 
given in Fig. 1. 
       Table 1 Estimated values of clay from Smyshlyaevsky deposit. 
Calculated 
eutectics 
Coord. 
points 
Amount of
eutectic 
melt 
Chemical composition, mass % Eutectic 
melting 
point,  
°ɋ 
Temp. 
fraction 
°ɋ 
 
Melting 
point of the 
melt 
°ɋ 
SiO2 Al2O3 FeO CaO MgO Na2O K2O 
 p. I  61.63 19,73 9.39 2.42 3.96 0.96 1.91    
K1 1 8.36 6.14 0.31 - - - - 0.91 710 59  
N1  4.45 3.37 0.21 - - - 0.96 - 740 33  
N1+K1 2 12.81 9.51 0,52 - - - 0.96 0.91 - 92 718 
K2  20.41 16.26 2.24 - - - - 0.91 985 201  
N2  12.27 9.66 1.65 - - - 0.96 - 1050 129  
N2+K2 3 32.68 25.92 3.89 - - - 0.96 0.91 - 330 1010 
F1  19.75 7.91 2.45 9.39 - - - - 1073 212  
N2+K2+F1 4 52.43 33.83 6.34 9.39 - - 0.96 0.91 - 542 1034 
C1  10.43 6.48 1.53 - 2.42 - - - 1170 122  
N2+K2+F1+ɋ1 5 62.86 40.37 7.87 9.39 2.42 - 0.96 0.91 - 664 1056 
M1  19.50 11.98 3.56 - - 3.96 - - 1345 262  
N2+K2+F1+ɋ1
+M1 
6 82.36 52.29 11.43 9.39 242 3.96 0.96 0.91 - 926 1124 
Undis-
solved 
residue 
 17.64 9.34 8.30 - - - - - - 316 1793 
Melt 7 100 61.63 19.73 9.39 2.42 3.96 0.96 0.91 - 1242 - 
Conversion of undissolved residue into molecular percentage to determine the melting point 
Undissolved 
residue mass % 17.64 9.34 8.30 
Hence it appears: 
Ⱥ=33.90, 
17933.57-33.935+1600=tAS  
 
mass %
mol.mass
 
¦=0.236 156.0 
60
9.34  08.0 
102
8.3  
 Mol. % 100 66.10 33.90 
 
Maximum amount of eutectic melt (82.36 %) in clay from Smyshlyaevsky deposit is formed under the 
temperature of 1124°ɋ (Table 1). The melting point of the undissolved amount SiO2 and Al2O3 is 1793oɋ. When the 
firing temperature increases the residue alumina and silica (AS) dissolve eventually in the eutectic melt rising the 
forming temperature. 
In the earlier paper it was proved [6], that while calculating the amount of melt with the use of the given method 
there can be used the additivity principle of eutectics’ properties in the ternary aluminosilicate systems including the 
melting point. According to the given calculation it is possible to determine melt amount and constituents under any 
firing temperature and optimum firing temperature as well.  
The calculation is accurate enough for practical use with the confidence coefficient of 0.95. Thus it makes it 
possible to make batches sinter and melt partly or fully. 
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3. Conclusions 
1. There was designed a new method for calculation of melt amount and constituents and of undissolved 
residue composition appearing in ceramic batches under firing. 
2. The method is based on the use of existing ternary phase rule diagrams of aluminosilicate systems and on 
the principle of additivity of the processes underway for the reason that it is impossible to achieve the 
equilibrium state under short-term firing of heterogeneous raw material (that is typical for the production of 
ceramic building materials). 
3. Knowing the chemical components of the clay the designed method allows to:  
x calculate melt amount and constituents under any temperature, 
x create the graphics of melt forming and by the graphics determine the optimum temperature for firing 
the examined batch, the temperature range of the sintered state and the fusing interval. 
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